Thank you.

I amvery glad to be here today to share with you an exciting new
technol ogy thrust that we call Structural Anorphous Metals or SAM

Structural Anorphous Metals represent a new class of materials with
nmul ti ple conpelling and revol utionary applications.

Qur initiative capitalizes on recent discoveries which have enabl ed the
formati on of anorphous netals in technologically inportant vol unes.

We project that structural anmorphous netals will have a significant
i mpact on DoD capability and we are dedicated to devel opi ng and
denonstrating this technology in a variety of inportant applications.

As a metallurgist, | would Iike to take a mnute to rem nd you of the
i mportance of metals to mankind.

Since the Bronze Age man has used netals to great benefit by exploiting
their nmany desirable properties, for exanple strength, fracture

t oughness, conductivity and so on

These properties arise as a result of the underlyi ng M CROSTRUCTURE

This mcrostructure evolves fromthe collections of crystallites (or
grains) that nmake up the netal and are separated by grain boundari es.

Wthin the crystallites atons are arranged in a periodic and ordered
manner governed by the "physics of the systenf and translating into

specific space- filling arrangenents.
The diversity of mcrostructure -- in terns of conposition, norphol ogy,
orientation, defect content, etc. -- that can be achieved is i mense.

This has resulted in literally hundreds of netal alloy systens that are
currently used in virtually all technologically significant
applications.

Unli ke the metal s that nan has known and used for the |ast 4000 years,
Anor phous netals are not nmade up of crystallites.

They do not have | ong-range order.
They have no grain boundari es.
As such they exhibit behaviors and properties that cannot be descri bed

or expl ai ned by the understanding, theories and nodel s devel oped
previously.

The atomi c arrangenment of anorphous netals is illustrated in the
m crograph that shows the "randont packing of atons... (right side of
picture... in conparison to the ordered conventional netal structure..

(left side of picture).

Thi s fundanental difference between what was previously known and what
i s now possible provides the opportunity to break fromthe constraints
i nposed by the crystalline nature of conventional netals.



Ther ef ore anorphous netals represent a new class of nmetals with
unexpl ored potential... and pitfalls!!

The significance of these materials can only be appreci ated when one
considers that they truly represent a different paradigmin netal
structure.

To illustrate this it is useful to consider the foll ow ng.

A netal can be considered as being nade up of two fundanentally
di fferent "conponents": a crystalline phase (the grains) and an
anor phous phase (the grain boundaries).

Thr oughout the history of the devel opnent of netals, netallurgists have
controlled the relative fractions of these conponents by varying the
grain size

For exanple, single crystal alloys (with no grain boundaries and hence
zero volune fraction of anorphous phase) have been devel oped for
el ectronic applications and high tenperature turbine bl ades.

Most recently, nano crystalline materials with |arge volune fraction of
grai n boundaries (and thus high volune fraction of amorphous content)
have generated a trenendous anmount of interest.

However ALL of these devel opments have been on a (Build Red Line)
single trend line.

Unli ke the case of conventional netals, anorphous netals are OUTSI DE
this trend line; they have NO grains and are 100% anor phous, and lie in
atotally different nmaterial donmin

The | aws that govern the formation, mcrostructure and properties of
anor phous netals are largely unknown.

Beyond the opportunities afforded by the uni que structure of anorphous
nmetal s thenselves, it is interesting to consider the benefits that may
accrue as a result of the (Build Yellow Lines One by One)
transformati on of anorphous netals to sem - or wholly- crystalline
syst emns.

The pat hways of this transformation offer yet another inportant too
for the mcrostructural evolution of the new alloys that can be used to
provi de uni que and useful properties.

| would like to share with you why we are excited by this class of
mat eri al s.

The conbi nati ons of properties achi eved by anmorphous netals are unlike
t hose exhi bited by conventional netals.

As the chart illustrates it is possible to achieve both high strength
and very high resistance to fracture in the sane materi al

Such conbi nati ons of properties are not found in conventional materials
where one often trades one property for another



I n addition, whereas conventional netals generally show decreasing
fracture toughness (danage tol erance) with increasing | oading rate,
Anmor phous netal s appear to show | NCREASED fracture toughness wth

i ncreasing loading rate. This could have significant inplications in
areas where blast protection is required.

Nurrer ous ot her potential applications are possible if these trends are
verified at the | arge scale.

Also interesting to consider is the fact that the absence of grain
boundari es wi thin anorphous netals offer the possibility that |ocalized
corrosi on phenonena, for exanple pitting corrosion, stress corrosion
cracking, etc., will be significantly reduced as conpared to
conventional netals.

They sinply do not have the discontinuities which can lead to crack
initiation.

Coati ngs of anorphous netals, which can be applied by any nunber of
techni ques including plasma spray, nay offer corrosion protection to
large and snal |l structures alike.

Conbi ned with their high hardness, these coatings may offer substanti al
benefits in many marine or other corrosive environments.

Fi nal |y, anorphous netals exhibit self-sharpening behavior as a result
of a process called shear |ocalization

This is a photograph of a rod of an anorphous netal follow ng ballistic
testing by Cal Tech scientists.

The i nmportance of this photograph beconmes apparent when one realizes
that before testing the test rod was a right circular cylinder!!!!

Sinply as a result of the loading it has self-sharpened.

The degree of shear localization which is responsible for this self-
shar peni ng effect can be controlled by suitable processing to change
the mcrostructure or by synthesizing conposite architectures.

In closing, | would like to invite you to join us in discovering the
nmechani sms of structural anorphous nmetal fornmation, understanding the
nmechani sms of deformation and fracture, and identifying conpelling
applications for structural anorphous netals.

Details can be found on our website.

Thank you for you attention.



